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10 _/in A nalgsis of Sea-u,a!er ; 

lowed by successive currents next the earth in the same direc- 
tion. 

Ye,sterdav he launched fl'om Clapton a middle-sized ilifiam- 
mable gas-l]al!oon, at three o'clock P.M., che smoke and wea- 
thercocks indicating a W. wind. The balloon consequently 
went in an l']. direction ; but at the height of what on a rough 
guess might seem to be ahove five or six thousand feet, it got 
into a NW. gal% and seemed carried toward SE. At half after 
four "the smoke ii'om the ehinmevs indicated the same wind, 
though so gentle as hardly to be l~ereeived~ and which did not 
move the eounuon weather-vanes. 

The last experiment confirms also an observation which I 
have before made, bv means of the movement of the higher 
clouds ; namely, that  when the thermometer is below the fi'eezing 
point with a s~mtherly wind, there is then a northerly wind blow- 
ing above i t . ~ W e  have offered a small reward ti,' the balloon, 
and shall be obliged to any person who may communicate where 
it fell, that we may ascertain its ~ltimate t]ireetion. 

l hope to communicate ill future more accurate details of" 
a~ronautie experiments on wind; and I merely communicate the 
above to excite persons in different places to rr]ake corresponding 
observations. The small ballo~nJs are easily made ~;f varnished 
paper; they are preferable to those sent up 'with rarefied air, as 
they ascend higher and keep up hinter. But the rarefied air- 
balloons are capable, when made large enough, of indicating se- 
veral currents of air. 

Be,,ides the above experiments of which I have rrfinutes~ my 
brother has sent up a great man 3, balloons, and has almost al- 
ways observed them moved by two or three currents: a circum- 
stance which shows how little" these machines (notwithstanding 
the sanguine assertions of stone French writers) can ever be de 
pended on as instruments to convey intelligence to armies 
where the ordinary means of communication may have been in- 
tercepted by the enemy [ am, sir, yours~ &c. 

Walthamstow, Dec. 12, 1817. T.  FortSTEtl. 

IV. _dn Analysi¢ nf Sea-u,ate,'; with Ob~ervat:,ons on the ,,tna- 
lysis of Salt-brines. t1~ JOHN MvkrtA¥, M.  D. F .R .S .E .  v 

T H E  eomposition of sea-water has been variously stated by 
different chemists, not only with reffard to tile proportions of tile 
salts whieh it holds in solution, but with regard even to the in- 
gredients themselves. 

* From the Transaetions of the Royal 8oeiety of Edinburgh for 1816. 

According 
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w i t h  Observations on the . /hznljs is  o f  Sa l t -br ines .  1 I 

According to Lavoisier, it contains muriate o f  soda, tour[ate 
of magnesia, and muriate of lime, sulphate of soda, sulphate of 
magnesia, sulphate and carbonate of lime. The proportions he 
assigns are, ill a pound of water, (French weight.-~) 126 grains 
of muriate of soda, 14¼ grains muriate of magnesi~L, 23 grains 
muriate of lime mixed with muriate of magnesia, 7 grains of 
sulphate of soda and sulphate of magnesia, and 8 grains of sul- 
phate and carbonate of lime ~. 

Bergman gwes a very different statement. He found only 
muriate of soda, muriate of magnesia, and sulphate of lime ; 
the proportions in a Swedish kanne, which is equal to about 6~- 
English pints, are 2 ounces 433 grains of nauriate of soda, ;iS0 
grains of muriate of magnesia, and 45 grains of sulphate of 
lime +. Reducing them to English weights, they are equal, in a 
pint of water, to, mm'iate of soda 24! grains, muriate of mag- 
nesia 65"5, sulphate of lime 8 This, however, is ~,ith regard 
to water from the Canaries, containing 1 part of saline matter 
in about 23¼ of water. Reducing it to the proporti(ua of the 
water of our shores, that of about 1 to 30, the proportions will 
be, nmriate of soda 1 $6"5, muriate of magv~esia 5 l, sulphate of 
lime 6 = 243"5 grains. 

Bergrnan's analysis is evidently incorrect in the .omission of 
sulphate of magnesia, which every other ehemist has obtained, 
and which is known to be extracted even on a large scale. And~ 
what is singular, this did not arise from his not being aware that 
it might be present. On the contrary, he made an experiment 
to discover it ; and even now, in reviewing his method, it is not 
apparent how he had been deceived. He evaporated to dryness, 
and treated the dry residuum with alcohol, by which he found 
muriate of magnesia to be dissolved ; he then washed the l'esi- 
dual matter, consisting chiefly of muriate of soda, with a small 
quantity of warm water, by which, as he remarked, if any sul- 
phate of magnesia were present, it ought to have been dissolved. 
But this water showed no signs of the presence of this salt, either 
in taste or by precipitation, and ciontained nothing but a small 
portion of common salt. Now unquestionahlv, in this way, sul- 
phate of magt,esia ought to have been discovered ; or if it should 
be supposed that it does not originally exist, but that sulphate 
of soda is the primary ingredient, still the method employed was 
equally proper to discover this latter salt The only supposition 
that can be made is, that, in the first step of the analysis, a very 
weak alcohol had been used in large quantity, by which a por 
tion of these sulphates wonld be dissolved, though still it is 
difficult toimagine that in this way they would be entirely abs- 
tracted. 

~ 3l~moires de l'~lcadira~e des Sciences, 1772. 
"I" Bergman's Essays, vol. i. p. 2 3 0 .  Lavoisier's 
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12 .4n Anal?Isis of  Sea-water ; 

Lavolsier's analwis has been eonsidered as incorrect in two 
eireumstanees,--in" ~he finding muriate of lime, and sulphate of 
soda. Neither of these has been discovered by other chemists; 
and in a late analysis of sea-water by Vogel and Lagrange, one 
of the ohjeets of experiment was to detect their presence, and 
the conclusions drawn were, '~ that sea-water contains no sul- 
phate of soda," and " no muriate of lime." In this analysis 
the saline ingredients found in sea-water were the same as those 
assigned by Bergman, with the addition of sulphate of magnesia. 
In 1000 grammes there were found 25"10 grammes of muriate 
of soda, 3"5 of muriate of magnesia, 5"7S of sulphate of mag- 
nesia, 0"20 of carbonate of lime and magnesia, and 0" 15 of sul- 
phate of lime ~::. 

Some other recent amdvses have been given ; that by Lieh--  
tenbergh is noticed by "~'ogel and Lagrm~ge, from a German 
journal, as approaching to their own ; and that of Pfaff, in which, 
as in Lavoisier's anal.~'si% there is found a portion of muriate of 
lime. 

It  is obvious, that there remains a degree of uncertainty with 
regard to the ingredients of sea-water, sufficient to give interest 
to a new analysis.. The principle, too, which I have illustrated 
in a preeediq¢ paper, on the Analysis of Mineral Wate r s ,~ tha t  
the substances obtained are not always to be regarded as the 
original ingredients, but f,'equently as products of new eombina- ' 
lions established by the analytic operations, may contribute to 
throw light on the conclusions to be drawn, and seemed to me 
to admit of being applied to the explallation of some of the pre- 
ceding results. This led to the experiments of which I now pro- 
pose to give an aeeou,~t. 

The peculiarity in the results ()f Lavoisier's analysis, and with 
regard to which the others differ fi'om him, is the obtaining, as 
ingredients of sea-water, portions of sulphate of soda and muri- 
ate of lime. Applyin;~ the principle now referred to, it is ob- 
vious that, in an anal~is by evaporation, the composition of 
these salts would be subverted hy their reciprocal action ; neither 
of them would he obtained ; but by mutual decomposition they 
would be converted into mariate of soda, and sulphate of lime. 
Sulphate of lime is accordingly obtained ill all these analyses, 
and probably has this origiu. 

But, admitting this, how had muriate of lime, and sulphate of 
soda, beeu procured by Lavoisier ? This, supposing the result 
accurate, can only he aserihed to some peculiarity ill his process, 
by which their mi~ltual aetiou had been preveneed, and their di- 
tinct existence preserved. The method he employed was to 

* Thomson's Annals, vol. iv. p. 200. 
evaporate 
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with Observations on the ~nalysis of Salt-brines. 13 

evaporate sea-water to dryness; dm'~ng the evaporation, sul- 
phate and carbonate of lime were precipitated, and were with- 
drawn- the dry 3aline mass was lixiviated with alcohol; and 
the ]ey being poured off dear,  was found to hold in solution mu- 
rlate of magnesia and muriate of lime ; the undissolved matter 
was then heated, with a mixture of two parts of alcohol and 
one of water, by which it wan ahnost entirely dissolved ; it de- 
posited, however, on cooling, a white powder, which was found 
to be sulphate of soda, and sulphate of magnesia, and it retained 
dissolved the muriate of soda of the sea-water with a portion 
likewise of muriate of magnesia. 

Now a portion of sulphate of lime was obtained in tlds pro- 
tess, which, according to the view I have stated, was probably 
produced by the mutual decomposition of sulphate of soda and 
muriate of lime. But it is also possible, that this decompositioa 
might not be complete. I had formerly tbund, indeed, that when 
a liquor containing these two salts is evaporated~ their decom- 
position is not entirely effected e ; it seemed possible, therefore, 
that portions of both might remain undecomposed in Lavoisier's 
process ; the alcohol applied to the solid matter would remove 
the muriate of lime, and t[.us the sulphate of soda would re- 
main. To elucidate the whole subject, therefbre, it seemed best 
to repeat Lavoisier's analysis as he had per|brined it, and ascer- 
tain the actual results. 

A. Four pints of sea-water of the Frith of Forth, taken up 
near Leith, at a distance fl'om any fl'esh water, were evaporated 
by the heat of a sand bath ; the evaporation being continued 
nntil a pelliele of salt formed on the boiling liquor. A preci- 
pitate subsided during the boiling, which being washed, weighed 
when dry 25 grains. 

B. Tile liquor was evaporated to dryness, and the saline mass 
was dried thoroughly by a continued he,it of about 150°; it 
weighed 1025 grains. To separate the salts composing it, it 
was submitted to the action of alcohol. About 4 ounces of al- 
cohol of the specific gravity of 84(~ were poured upon it in a 
bottle, and allowed to remain over it for 12 hours, being occa- 
sionally agitated ; and when poured off an ounce of the same 
alcohol was added, and after fl'equent agitation, and being kept 
over it for some hours, was poured off, and added to the f,,rmer. 

C. The residuum, when dried, weighed b90 grains; 135 
grains had there|bre been abstracted, consisting chiefly of earthy 
muriates. 

D. The saline m~iter was digested with 9 ounces of a weaker 
spirit, composed of 2 of alcohol and 1 of water, heat being ap- 
plied to it by a sand-bath nearly to ebullition, with frequent 

Transactions, vol. vii. p. 475. 
agitation ; 
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14 -/h~ .4nalys:~ of Sea-water ; 

a~itation; and the liquor having been poured off while hot, 
4 ounces "nore of the same diluted aleoh.,)l were added~ hevted 
as before, and after it had become dear by ~,ubsidence, thi~ li- 
quor was added to the other. The greater part of the saline 
mas% consisting chiefly of" muriate of soda, was thus dissolved. 

E. The re,ddue was submitted to the action of ~ueeessive 
quantities of a still weaker spirit, composed or' 3 of alcohol, and 
4 of water, aided by heat, with the view of dissolving the sul- 
phate of magnesia and of soda. A solution was obtained of a 
strong saline taste. 

F. To abstract these salts more eompietely~ the residue was 
tixiviat.od with small su:'eessive portions of warm water ; a solu- 
tion having a similar ta.~te was obtained. 

G. There was left at length a t)owder~ sof b light~ tasteless, 
and insoluble. 

It now remained to examine these products more minutely, to 
determine theh" natnr% and esthm, te precisely their quantities. 

The powder obtained in the first ew/poratiot b A, consists, ac- 
cording to Lavoisier, ~f ,u!phate an,t carbonate of lime. It  
weighed when dry 25 grains ; it was submitted to the action 
of a very dilute a]eoho!, acidulated with muriatie acid, which 
eseited effervescence ; this being poured off, and the residue be- 
ing lixiviated, and dried, weighed 22 grains. It was sulphale 
of lime, and abso:'bed water with avidity, becoming solid and 
dry. The liquor poured ol-~; afforded by evaporation a saline 
deliquescent matter, which, heated witl{ sulphurie acid, gave 
products equivalent to 1"7 grain of ¢arbonale of ~mg:~esia, and 
1"2 grain of ca rbomtte of lime. 

The solution B, obtained by the action of the stronger alco- 
hol, ought to have e,)ntained, according to the results of Lavoi- 
sier',~ analysis, mqriate of magnesia and muriate of lime. A 
small portion of it was diluted with distilled water, and a few 
drops of a solution of oxalate of ammonia were added, but 
caused no precipitation, nor even any opacity. The liquor, 
therefore, contained no muri~e of lime." It was distilled to dry- 
hess. The dry matter deliquesced on exposure to the air ; be- 
ing lixivlated with alcohol, a small portion of muriate of soda 
remained undissolved, which was added to the solution D. The 
liquor being evaporated so thr as to be of an oily eonsistenc% 
afibrded, ou cooling, ,muriate of magnesiq in prisms. This, 
dried until it had no appearance of moisture, weighed 145 grains. 
Decomposed by snlphmic acid, it afforded 105"9 grains of &y 
sulphate of magnesia, equivalent to 83"5 of real muriate. 

The solution D had a strong saline taste, and, in cooling, ha:l 
depo:dted muriate of soda in cubes on the sides of the bottle. 
A little of it being diluted with distilled wateu oxalate of am- 

monia 
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with ObservalioT~s o~z the Analysis of SaZt-brlnes. 15 

nlonia did not impair the transparcney. Carbonate of potash, 
and amriate of barytes, produeed a turbid appearance. The en- 
tire Iiqnor was submitted to distillation, until the alcohol was abs- 
tracted, and was then evaporated in an open bason, until erystais 
ti~rmed in it while hot. These were cubes of mariate of soda, 
and tl'.is salt continued to be afforded by successive evaporation,~. 
The last product deliqueseed a little on exposme to the air, ill- 
dieatiug the presence of muriate of magnesia ; and the remain- 
lug liqttor alibrded by evaporation a deliquescent saline mass : 
bot}~ these were washed with repeated portions of alcohol ; mu- 
riate of magnesia was thus obtained, which dried, weighed 17'3 
grains, and which, converted into sulphate, gave !2'4 grains, 
equivalent to 9"7 of rezd muriate. The matter not dissolved by 
the alcohol, being dissolved in wate:', affm'ded by slow evapora- 
tion sulphate of magnesia in prisms, whieh dried, weighed 6"3 
grains. The ervstallized muriate of soda, dried at a hea~ of 
200 °, weighed 580 grains. 

The solution E deposited, on standing, after twelve hours, cry- 
stals in fiat striated prisms, having every appearance of sulph./le 
of soda, and whieh, on more minute exami'aation, were found 
to he so : freed fi'om sensible moisture, they weighed 18 grains. 
The liquor diluted with distilled water, was not sensibly affeeted 
by oxatate of mnmonia ; it became slightly turbid ~viti~ subear- 
bonate of' potash~ and with muriate of barytes. The alcohol 
was drawn off by distillation ; being then submitted to evapora- 
tion,-a crust of muriate of soda formed on the surface, and cry- 
stals in cubes were deposited ; additional portions of them were 
obtained by successive evaporation 5 and the liquor eontilmed to 
afford a crust of muriate of s,~da on its surface, while hot, until 
it was ahnost entirely evaporated. A small portion of li~iuor 
remained~ whici~, on cooling, afforded prismatic crystals of sul- 
phate of magnesia, which, freed from moisture, weighed 8"9 
grains. The muriate of soda dried, weighed t70-8 grains. 

The first portions of the aqueous solution F had deposited 
mvstaIs of sulphate of soda ml cooling; and the whole quantity 
being partially evaporated, yielded an additimzal portion. '2he 
crystals of both, fi'eed t?om adhering moisture: weighed 44"2 
grains. The liquor being further evaporated~ cubes of muriate 
of soda were formed on the sides of the capsule, while it was 
warm, and by continuing the evaporation, a quantity of this salt 
was obtainod, which weighed when dry 12-3 grains. A small 
portion of liquor remained, which, bv Nrthcr evaporation, yielded 
crystals of sulph.ate of soda to the amount of tj grains, with cry- 
stals of muriate of soda 2 grains. 

The portions of muriate of soda obtained in the preceding ex- 
periments amounted to 765'1 grains. None of them, hmYever, 

w e r e  
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16 An Analysis of Sea-water; 

were perfectly pure. Their solutions became turbid on the ad- 
dition of sub-carbonate of soda, and ofmuriate of barytes, indi- 
cating the presenee of sulphate of magnesia, or of muriate of 
magnesia and sulphate of soda, and probably indeed of portions 
of all these. The whole was submitted to the action of highly- 
rectified aleohol for twelve hours, with repeated agitation ; the al- 
cohol acquired a bitter taste ; being poured off, and distilled, it 
afforded muriate of magnesia, which, heated with sulphurie acid, 
gave a product equivalent to 6 2 of real muriate. The residual 
salt still gave indications of the presence of sulphate of magnesia, 
by the tests of muriate of barytes and sub-carbonate of soda. 
'l;he difficulty is so great, of separating a small portion of a salt 
from a large quantity of another, where the difference in their 
solubility is not considerable, that instead of attempting to re- 
move the sulphate of magnesia bv filrther erystalllzations, it was 
decomposed by adding to the solution sub-earbonate~ of soda; 
the wecipitate was collected, and converted into sulphate of 
magnesia by the addition of sulphurie acid. This, dried at a low 
red-heat, weighed 16 grains, equivalent to 33 erysta!lizcd. The 
salt had been previously exposod to a red-heat, when it weighed 
744"5 grains. The above quantity of sulphate abstracted from 
this, leaves as the real quantity of muriate of soda 728"5 grains. 

The powder G was soft, ligh b and tasteless It weighed 
when thoroughly dried 7"5 grains. ]t might be expected to be 
similar to the powder A, and was therefore subjected to the same 
treatment. Diluted alcohol, acidulated with muriatie acid, ex- 
eited efferveseenee; the liquor poured off afforded by evapora- 
tion muriates equivalent to 2"8 of carbonate of qnagnesia, and 
1-3 of carl, onate of lime. And the remaining sulphate of lime 
dried, weighed 3 grains. 

By this analysis, then, the substances obtained fi'om 4 pints 
of sea-water, and their proportions~ are as follow : 

Mnriate of soda, . . . .  )'28"5 grains. 
Muriate of magnesia real~, 83"5 

Sulphate of magnesia crystallized, 

Sulphate of soda crystallized, 

9 7  
6"2 

99"4 
6"3 
8"9 

33 
48"2, or real, 
18 
44"2 
6 

68"2, or real, 

99"4 

23"5 

30"2 
~ull,hate 
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with Observations on the .4~mlysis off" Sall-brbzes. 

Sulphate of lime, real~ . .  22 

Carbonate of lime, . .  

17 

3 

25 
1"2 
1"3 

25 grains. 

Carbonate of magnesia, 
2-5 
1"7 
2'8 

2"5 

4"5 4"5 
The two last ingredients might be accidental products, from 

tile decomposition of muriate of magnesia and of lime. Mu- 
riate of magnesia is decomposed by heat ; a portion of its acid 
is expelled ; and tile magnesia separated in consequence of this, 
will absorb carbonic acid, fi'om the current of warm air applied 
during tile evaporation, or from tlle carbonic acid gas which the 
sea-water itself cont,:ins, and wl,.ich is not immediately expelled 
by heat. The small portion of carbonate of lime might be pro- 
dueed in a similar manner, or from the action of the carbonate 
of magnesia m.~ muriate or sulphate of lime. I accordingly 
found, in a subsequent analysis, that on adding nmriate of ba- 
rvtes to sea-water, v.o carbonate but only sulphate of barytes is 
lfreclpitated, which proves that these conclusions are just. For 
the small portion, thcreforc, of carbonate of magnesia, the equi- 
valent portion of muriate of magnesia,, 4'2, raising it to 103"6, 
is to be ~ubstituted. If the lime which afforded the carbonate 
existed in the state of sulphate, then the equivalent portion of 
this 3"4 is to be added to the sulphate actually obtained, making 
it 28-4. If it existed in the state of muriate of lime, it still 
would, but for this change, have been converted in the progress 
o~' tim evaporation into sulphate of lhne ; the same substitution, 
theretbre, is in this view equally to be made. With these cor- 
rections, and reducing the proporti~ls to a pint~ the ingredients 
and their quantities will he as follow : 

Muriate of soda, . .  182"i grains. 
Muriate of magnesia, . .  25"9 
Stdphate of soda, . .  7"5 
Sulphate of magnesia, . .  5"9 
Sulphate of lime, • • 7"1 

228"5 
The results of the preceding analysis are different from those 

I had expected to obtain. I had supposed, that in Lavoisier's 
method~ tile sulphate of .soda, and muriate of lime, which he 

Vol. 51. No. 237. Jan. 1SIS. B stated 
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1S ,,in ..4nahjsis of  Sea-water ; 

stated as ingredients, had been obtained fl'om some peculiarity 
in the process by which their reciprocal action~ and consequent 
transition into muriate of soda and sulphate of lime had been 
prevented; and that in the common method of evaporation 
they are not obtained, beeanse this mutual decomposition takes 
place. It appears, however, that the results by Lavoisier's me- 
thod are different from those he stated, and are such as pre- 
clude this view. No muriate of lime is obtained, and sulphate 
of lime is obtained in considerable quantity ; of course, the sul- 
phate of soda, which is also tbund, cannot be considered as be- 
ing procured, in consequence of its decomposition by muriate 
of lime being prevented by any peculiarity in the process, and 
must therefore be ascribed to some other cause. 

Besides the peculiarity in this analysis of sulphate of soda, 
there is another singularity in the result~ that little sulphate of 
magnesia is procured. This salt, it is.well known, is extracted 
in considerable quantity by the common process of evaporation 
of sea-water on a large scale, being obtained by boiling down 
the bittern, while, by this method~ little or no sulphate of soda is 
obtained. 

The products of this analysis are thus so different from those 
usually assigned, and so different from those known to be af- 
forded by the usual process of evaporation, that it became de- 
sirable to perform the analysis in the common mode, so as to 
ascertain the actual results'of it with precision~ with a view to 
determine on what these differences depend. This I accordingly 
executed. 

A. Four pints of the same sea-water were submitted to eva- 
poration in a sand-bath, and after the crystallization of the mu- 
riate of sod~t commenced, the liquor was poured off at intervals 
from the salt deposited, and fllrther evaporated. This was con- 
tinued as long as it appeared to afford no other salt on cooling 
than muriate of soda. The latter products of this salt were less 
pure than the first, being deliquescent on exposure to a dry at- 
mosphere ; they were therefore redissolved in water ; by evapo- 
ratio'n, the greater part was obtained crystal}ized, in a purer 
state, al~d was added to the other ; and the small portion of 
residual liquor was added to the residual liquor of the evaporated 
sea-water. 

B. By further evaporation, this liquor afforded crystals in 
slender prisms, wtfieh were permanent in the air, and which were 
found to be sulphate of magnesia; by repeated evaporations, 
successive crystallizations of this kind were produced, (small 
portions of muriate of soda being also obtained, which, after 
being washed, were added to the salt A); the products of the 
first crystallizations were nearly pure ; those of the latter cry- 

stallizations 
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with Observations on lhe .41zaIjs~s of Salt-brlnes. i9 

stallizations were less distinct in form, and were in part deli- 
quescent. 

C. The portion of liquor still remaining was evaporated, until, 
on cooling, it formed a congeries of slender prisms, which, ex- 
posed to the air~ deliquesced, and soon passed to a state of  
perfect solution, a proof of their being principally tnuriate of 
magnesia. 

The products thus obtained, consisted, first, of muriate of soda 
A ; secondly, of sulphate of magnesia B ; and, thirdly, of mu- 
riate of magnesia C. These, however, could not be supposed 
to be pure, and they were, theretbre, submitted to further ex- 
amination. 

D. The muriate of soda A, gave indications of the intermix- 
ture of magnesian salts; the solution of a minute portion of it 
in distilled water becoming turbid ou the addition of carbonate 
of soda. It wa~ also to be presumed, that there would be mixed 
with it any sulphate or carbonate of lime deposited during the 
evaporation. It was therefore redisso[ved in water. There re- 
mained undissolved a residue, wbicb, wbdn tboroughly dried, 
weighed 22-6 grains. The ~alt was again procured by evapo- 
ration, but it was still not perfectly pure. Its dilute solution 
gave a millduess with carbonate of soda; and oxalate of am- 
monia and muriate of barvtes rendered it turbid~ indicating the 
presence either of a little muriate of lime with sulphate of soda, 
or magnesia, or of sulphate of lime with a portion of sulphate or 
muriate of magnesia. The whole was redissolved in distilled 
water; a powder, similar in appearance to the insoluble residue 
of the former solution, remained undissolved, which, when 
thoroughly dried, weighed 10'3 grains. To the clear solution ~ 
portion of alcohol was added, not sufficient to cause any preci- 
pitation of muriate of soda ; it produced a slight turbid appear- 
anee, and after'some hours a powder had subsided, which, after 
heing washed with water, was tasteless : it weighed 1"5 grain. 
The muriatc of soda, obtained by evaporation, weighed, when 
dried, 718 grains. Being still not entirely pure, it was reserved 
for another operation. 

E. The insolul)le residues collected in the preceding operations 
being put together, were submitted to the action of alcohol, aci- 
dulated with muriatic acid, to remove any carbonate of lime~ or 
of magnesia. Effervescence was excited ; the liquor being poured 
off, and the insoluble residue of sulphate of lime being washed 
with a little water, weighed, aft~.r exposure to a heat nearly equal 
to ignition, 26"3 grains. The alcoholic solution, with the ad- 
dition of the small portion of water with which the sulphate o, 
lime had been washed, afforded, by evaporation, a matter which 
entered readily into fusion, and which, treated with sulphuric 

B 2 acid 
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20 _,4n Analgsis of Sea-water; 
aeid~ gave 5 '6 of sulphate, equiwdent to 4"3 of earhona.te of mag- 
nesia, and 3 of sulphate., equivalent to 2"2 of eacbonate of lime. 
I have already observed, however, that no ea~'bonie acid is de- 
tected iu sea-water bv the test of barvtes ; these earbonates~ 
therefore, ar% as hefore, to he considered as produet:s of the eva- 
poration, arising from the deenmlmsition of n;uriate of magnesia, 
and of muriate or sulphate of lime. The ou% but for the de- 
composition by which it is produeed, would have' appeared as 
sulphate of lime; it increases, therefore, the proportiou of that 
ingredient to 29'3 grains. The portion of muriate, equivalent 
to the other, that is, 4"4 gr.qins, may be added to the q'.mntity 
of that salt obtained in the subsequent steps cf the analysis. 

F. The products of the different crystallizations B, eon,',i~th'..g 
chiefly of sulphate of magnesia, wi{h portions of muriate of 
magnesia, were left exposed to the air for some days, and the 
liquor formed from them by deliquescence was poured off oc- 
casionally, and added to the solutiml of nmriate of magnesia C. 
The residues were then washed with pure alcohol, to abstract 
more completely any mu,'iate of magnesia. The portions re- 
maining undissolved, were ~lissolred together in water. By 
evaporation~ they afforded sulphate of magnesia in bevelled 
prisms; hy further evaporatim b nmriate of soda in cubes was 
obtained ; and by successive evaporations, there were thus pro- 
cured sulphate of magnesia in erystals~ 4 6 6  grains ; and mu- 
riate of soda 39 grains. A small portion of liquor remalned~ 
whieh~ containing ehieflv muriate of magnesia, was added to the 
liquor C. 

G. This liquor C, to which the portion of liquor fi)rmed hy 
deliqueseenee fi'om B had also been added, was evaporated to 
dryness. It was then submitted to the action of successive por- 
tions of aleohol, employing, first, the alcohol with which the 
saline matter B had been lixiviated, and afterwards pure alcohol. 
These liquor% poured off from a portion which .remained undis- 
sotved~ were evaporated to dryness; the dry mass was dissolved 
in water, and~ by a seeoud evaporation, afforded a eongeries of 
prisms of muriale ofvzaffnesla. Dried by a heat of 1,50°7 the 
weight amounted to 156 grains. Converted into ~flphate of 
magnesia by the addition of sulphurie acid, the produet weighed~ 
after being dried at a low red-heat~ 9.0"2 grains~ equivalent to 
78'4 of real muriate of magnesia. 

H. The matter which remained undissolved hy the aleohol G 
was dissolved in distilled water. The solution was evaporated~ 
until, by a further spontaneous evaporation in a warm apart- 
ment~ crystals were successively formed ; these were sulphate of 
magnesia, and, in general~ bevelled prisms. The whole Deed 
from moisture weighed 48"6 grains. A small portion of liquor 

remained~ 
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with Observations on the Anal!/sls of Salt-brines. 2 i 

remained, which, when evaporated, gave a deliquescent saline 
mass:  bv slow evaporation 2"6 grains of muriate of soda were 
obtained" fi'om it ; the remainder yielded muriate of magnesia 
equal to 3 grail,s. 

I. The crystals of sulphate of magnesia obtained by the sue- 
cessive evaporations, were not all equally well formed ; and after 
they had been left exposed to a dry air for some t;me, some of 
thehl became quite effloresqent, while others did not. The  
tbrmer were picked out, and each portion was redissolved in 
water. By a new crystallization, there were thus obtained 72 
grains of sulphate of magnesia, and 18'5 of sulphate of soda. 

K. The muriate of soda obtained in the preceding steps 
amounted in all t(~ 759"6 grains. After exposure to a re,l-heat,  
it weighed 752"4 grains. I t  has already been stated, that  it 
was m)t perfectly pure ; its solution being rendered milky, both 
by sub-carbonate of soda and muriate of barvtes. The separa- 
ti'on of the sulphate of magnesia, which this chiefly indicated, . 
was not to be completeiy looked for by solution and er~ta l l iza-  
tion. Sfibearbonate of soda was therefore added to the solution 
as long as any precipitation took place ; the precipitate, heated 
with it sufficient proportion of sulphuric acid to  reduce.s, gave 
16"4 sulphate of magnesia, equivalent to 83"7 of the same salt 
crystallized. The former quantity abstracted fi'om the weigl!t of 
the muriate of soda, reduces it to 736 grains. 

This analysis, then, affords the lbltowing ingredients, and 
their proportions in their real state : 

Muriate of soda, . . . .  736 grains. 
Muriate of' magnesia, . . . .  85"8 
Sulphate of magnesia, . . . .  51 "2 
Sulphate of soda, . . . .  S 
Sulphate of lime, . . . .  29"3 

Or~ reducing them to a pint of the water, 
Muriate of soda, . . . .  184 grains 
Muriate of magnesia, . . . .  21"5 
Sulphate of magnesia, . . . .  1 2 8  
Sulphate of soda . . . . .  2 
Sulphate of lime, . . . .  7"3 

227'6 
By the two modes of analysis now stated, different results have 

been obtained. There are common to both as the principal 
products, muriate of soda, and muriate of magnesia. But ill the 
one, sulphate of magnesia, with only a small proportion of sul- 
phate of soda, is procured. In the other, sulphate of soda in 
a much larger quantity, with only an inferior proportion of sul- 
phate of magnesia, is obtained. How is this diversity of re- 
sult to be accounted for ? 

B 3 As 
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22 .An .ztlmtysis of Sea-water ; 

As the relative quan¢ities of these salts are thv.s varied, and 
are indeed nearly altogether dependent on the ldnd of analysis, 
it is obvious that one or other of them must be an original" in- 
gredient, and the other must be a product of decomposition. 
If sulphate of magnesia is the original ingredient ; then, when it 
is not obtained, or is obtained only in very inferior quantity, 
while sulphate of soda is procured in its place, it must be held 
that it is decomposed ; and the only decompo~:ition that can ae- 
count for the~e results is, that from the matual "~etion of muriate 
of soda and sulphate of magnesia, by which, while portions of 
them are removed, corresponding portions of sulphate of soda 
and of muriate of magne~ht are formed. On the other hand, if 
sulphate of soda is the original ingredient, then, when it is no.t 
obtained, or is obtained only in small quantity, it must be held 
that it is decomposed ; an~t ti~e only decomposition of it that 
can here take place, must be fl'om the action of tamlate of mag- 
nesia, by which, while quantities of both these salts are remove¢l, 
corresponding quantities of sulphate of magnesia and muriatc of 
soda will be produced. 

Of the two analyses, the one in which sulphate of soda prin- 
cipally is obtained, is that in which the solvent action of alcohol 
is employed ; the other, in u'hich the,:e is the mere separation of 
the salts by evaporation and crystallization, is that which af- 
fords scarcely any of it, but in place of it sulphate of magnesia. 
Now, it is to be obser:)'ed, that in both of these the preliminary 
operation of evaporation to dryness is the same. Since sulphate 
of soda, therefore, is not obtained by this operation, it is ob- 
vious, that, even on the assumption ot' its being the original in- 
gredient of sea-water, itmust, in the progress of the evaporation, 
be decomposed by the muriate of magnesia, and converted into 
the sulphate of magnesia ; and hence, in the subsequent solvent 
action of the alcohol, by which it is obtained, it must be re- 
formed. And, on the other band, if sulphate of magnesia is the 
.primary ingredient, and is obtained as such by the evaporation, 
It remains to he explained, how it is converted in the subsequent 
solution by the alcohol into sulphate of.soda. The whole ques- 
tion, therefore, resolves itself into tile nature of the action of the 
alcohol, producing sulphate of soda ; and of this I perceive no 
other solution than that u, hieh I have now to illustrate. 

The fact, however it is to be explained, or to be reconciled 
with the doctrine of chemical attraction giving rise to combina- 
tions or decompositions according to the strength with which it 
is exerted, seems to be established by an induction too strict 
and extensive to admit of doubt, that these results are often de- 
termined by the force of cohesion, in such a manner, that iu 
principles acting on each other~ those on which this force ope- 

rates 
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with Observations on the Analztsis of Salt-brines. 23 

rates most powerfidly, in relation to the fluid which is the me- 
dium of action, are eombiaed together. So much is this the 
ease, that, as Berthollet has justly remarked, we may, from a 
knowledge of the solubility of. the compounds whieh substances 
form, predict what eoml~inations will be established when they 
act on each other ; those always combining which form the least; 
soluble eompounds. So far the influence of this has been illus- 
trated by this able chemist. But it appears to me to admit 
of further extension, so as to afford a solution of the present 
question. 

If the force of cohesion ean so far modify ehemieat attraetion~ 
as to establish among compound salts dissolved in any medium, 
those combinations whence the least soluble e~mpounds 'are 
formed, we al;e entitled, 1 conceive, to conclude, that the re- 
verse of this force, that is, the power of a solvent, may produce 
the opposite effect, or cause the reverse of these combinations to 
be established. Suppose muriate of magnesia and sulphate o 
soda to be dissolved i:l water, and the solution to be eoneen- 
trated by evaporation, the combinations of sulphate of magnesia 
and muriate of soda being on the whole less soluble in water, 
this eireumstanee of inferior solubility, or the foree of eohesion 
thus'operating, may determine the formation of these, and, ac- 
cordingly, their formation is found by experiment to take place. 
But suppose sulphate of soda and muriate of magnesia to be dis- 
solved by the aid of heat in aleofiol so far diluted as to effect 
their solution, then those combinations will nut be established 
which existed in the watery solution~ because, on the whole, sul- 
phate of magnesia, and muriate of soda, are less soluble in alco- 
hol, even in this diluted state, than sulphate of soda and muriate 
of magnesia. These latter eompounds will, therefore, remain 
undeeomposed. But further, this ~nay give rise, or, rather~ must 
gi~e rise, in conformity to the prineiple above stated, to the re- 
verse effect ; so that, suppose sulphate of magnesia and muriate 
of soda to be submitted to the action of this diluted alcohol, aided 
by heat, the solvent power considered, in relation to the reverse 
combinations, may cause the ehange in the state of these eom- 
pounds, and their transition into murlate of magnesia and sul- 
phate of soda. 

In the aualysis of sea-water, then, by the first of the methods 
above deseribed~ the evaporation may either, if sulphate of mag- 
nesia and muriate of soda are the original ingredients, afford 
them undeeomposed in the solid state ; or, if muriate of mag- 
nesia and sulphate of soda are the ingredients, it may cause, by 
the influence of the force of cohesion, the formation of sulphate 
of magnesia and muriate of soda. But when the solid mass is 
submitted to the action of alcohol, its operation, as a solvent, 

B 4 may, 
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2~ An Analgsi~ of Sea-zc'aler ; 

may ,  on  t he  same  pr inc ip le ,  cause  the  reverse e o m b i n a t l o n s  to  
t a k e  p laee ,  of  m ur i a t e  of  m a g n e s i a  a n d  su lpha te  of  soda ; t h e  
q u a n t i t y  of  th is  su lpha te  b e i n g ,  of eourse~ equ iva len t  to  t h e  q u a n -  
t i t y  of  s u l p h a t e  of  m a g n e s i a  ; and  the  q u a n t i t y  of  m u r i a t e  o f  
m a g n e s i a  fo rmed ,  be ing  added  to the  quan t i t y  of  t h a t  sa l t  whiei~ 
t h e  s e a - w a t e r  con ta ins  a~ a p r i m a r y  i ng r ed i en t .  ' f h u s  is ex -  
p l a ined  the  d ivers i ty  of resul ts  o b t a i n e d  by t h e  two  modes  of  
analys is  ; and  th i s  d ivers i ty  i tself  affords an  exce l l en t  i l l u s t r a t ion  
of  t he  c h a n g e  of  c o m b i n a t i o n  Whie~a m ay  be  p roduced  in m i n e r a l  
wa te r s  by analb ' t ie  ope ra t i ons ,  and  ~/ very  eone lns ive  p roo f  t h a t  
t he  subs tances  o b t a i n e d  by the  analvs is  are no t  always to be re -  
g a r d e d  as the  o r ig ina l  i ng red ien t s ,  si 'nee he re  they  are va r i ed  ac -  
co rd ing  to t he  m o d e  in wh ich  t h e  analysis  is p e r l o r m e d  ~. 

The small portion of sulphate of soda obtained with the sulphate of 
magnesia, in the second analysis, may have been formed by the action el" 
the alcohol, which, though employed much less extensively- than in the first, 
was still introduced to a certain extent. Or it might originate from other 
circumstances independent of this • for a similar result, I have been informed, 
sometimes occurs in the large way, sulphate of soda being procured in 
boiling down the bittern of sea-water to obtain its sulphate of magnesia, or 
in purifying this sulphate. The circumstances ou which this depends, it 
may be difficult to assign with perfect precision ; but it probably arises from 
the relative quantities of the different salts, and their tendency to crystalfi- 
zation, as influenced by the state of concentration, and the temperature. 
Lehat both of these have a considerable effect on the combinations established 
in a c~)mpound saline sobltion, has been sufficiently shown by the experl- 
ments of Berthollet and others. A striking proof of it was derived from 
the very salts which are the subject of the present observations, in a singu- 
lar case of alfinlty, first observed by Seheele, and afterwards confirmed by 
Gren: that of muriate of magnesia and sulphate of soda, which decompose 
each other in a coneen:rated solution at a high temperature, producing mu- 
riate of soda and sulphate ~ff mag~xes~-a ; but, at temperatures below 32 ~, 
the reverse effect takes place, muriate of soda and sulphate of magncsia 
reacting, and being converted into sulphate of soda and muriate of mag- 
nesia. This singular case is evidently owing to the relation of the solubi- 
lity of these salts to temperature. Murlate of soda has its solubility little 
increased by heat, of course little diminished by cold ; sulphate of soda is 
in this respect precisely the reverse : hence, at an elevated temperature, 
muriate of soda is the less soluble salt ; and this determines its formatior~ 
and sepm'ation from a compound solution, containing its elements ; at a 
low temperature, again, sulphate of soda is the less soluble salt; and this 
equally determines its formation, of course occasions the reverse decom- 
positions. Now, according to the proportion of saline ingredients, and ac- 
cording to the state of concentration, and the temperature favouring the 
tendency of certain salts to crystallizz'~tion more than others ; it is easy to 
conceive, that in a compound solution, different combination~ may bh esr, a- 
blished, as these circumstances vary, and thus products may be obtained, 
under certain conditions, which are not obtained under others. Although 
sulphate of magnesia, therefore, is usually obtained by evaporation from 
sea-wa~er, sulphate of soda, at some stages of the operation or under pecu- 
liar elreumstanees, with regard either to relative quantity of the elements, 
or to temperature, may likewise be formed. 

Lavo i s i e r  
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On Drij-Rot. 25 

Lavoisier had stated muriate of lime as lmving been obtained 
in his analysis, being dissolved with the muriate of magnesia in 
the alcohol with which the solid matter obtained by evaporation 
had been lixiviated. I found rio trace of i t ;  and its presence 
after the evaporation to dryness, does not seem compatible with 
that of either sulphate of soda, or of magnesia. Yet if the pre- 
ceding reasoning be just, it is possible that alcohol, by its solvent 
action, might cause its reproduction to a certain extent from 
sulphate of lime. On the other haud~ the entire insolub;,lity of 
sulphate of lime in alcohol, might prevent it from being acted 
on ; this is even more probable ; and the result stated of nm- 
riate of lime being obtained, is therefore, in all probability, to 
be ascribed to error, principally perhaps to its not being distin- 
guished sufficiently from muriate of magnesia~ the quantity of  
which is stated by Lavoisier evidently too low. 

LTo be continued.J 

V. On Dry.Rot. By Mr. JOHN SHILLIBI~lCR. 

To Mr. Tilloch. 
Plymouth, Dec. 12, 1817. 

SIR, - -  ~-F oll perusing the letter which'is below, you should 
think proper to give it room in your Magazine~ it will be greatly 
esteemed. It has been submitted officially to the Navy Board, 
and the writer of it has received the thanks of" the Board for the 
communication. 

[ am~ sir~ 
Your friend and constant reader. 

" }Valkhampton, near Plymouth, Oct. 25, 1817. 
¢~ HON. SIRs , - -The  dry-rot which has made its appearance ia 

His Majesty's navy having excited general attention, I have been 
led to reflect~ not only on the cause which has produced it, but 
the probable mode of its prevention ; and the result of these re- 
flections [ shall beg to lay before the Honourable Board. 

" Any cure for the dry-rot in timber when once it is infected~ 
I believe, has not yet been tbund ; and the disease appears to 
prevail more in the oak than in any other timber ; but the reason 
is to me evident~ as on accomit of the value of its bark the nmde 
of treatment is very different to that of any other class. To 
effectually prevent the appearance of the dry-rot~ the tree should 
be cut down about the end of'December, or tim commencement 
of January, and left with its bark on, instead of being cut down 
in April, and having its barkstr ipped off, which is the mode ge- 
nerally pursued in this country. From the ;.zreat consideration 
of the bark tChe durability of the timber hasb~en lost sight o!; 
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